A number of reports have been published concerning the infectivity of meningopneumonitis virus in which the number of virus particles per infectious unit has been determined (Crocker, 1954; Manire and Smith, 1959; Manire and Galasso, 1959) . The results have varied somewhat according to the source and treatment of the virus and the techniques used to measure infectivity, with values ranging from approximately 10 to 1,000 particles per yolk sac LD,0 being reported.
The rate of growth of this virus has also been the subject of various studies. Weiss (1949) reported that the initial growth cycle was about 48 hr. Sigel, Girardi, and Allen (1951) reported similar findings, with new virus appearing in the allantoic fluid of inoculated embryos after 48 hr incubation, and an increase in infectivity titer occurring within the membranes after 24 hr.
Virus titration in these studies, however, was based on infectivity tests, and the actual number of virus particles produced was not determined. The growth of various members of the psittacosis-lymphogranuloma venereum group has been reviewed in detail by Weiss (1955) and Wenner (1958) .
The experiments reported here were initiated to solve a practical problem of obtaining maximal yields of virus for use in antigen studies. Growth curves were determined by counting virus particles either free in egg fluids or in egg tissues, and this technique was used to study rates of virus growth in allantoic membranes and yolk sacs.
MATERIALS AND METHODS
Virus. The American Type Culture Collection strain of meningopneumonitis virus was used. All allantoic fluid studies were done with a suspension which had been passed 20 times by allantoic fluid inoculation and was stored at -20 C as seed.
Particle counts. The method of Smith and Manire (1959) was used.
Virus cultivation. The inoculation and harvest of embryo fluid and tissues were as previously described (Manire and Smith, 1959) .
RESULTS
Appearance of virus in allantoic fluid during growth in chorioallantoic membrane. A freshly harvested suspension of allantoic fluid virus was centrifuged at 25 X g for 12 hr, the supernatant fluid removed, the virus particles counted, and the suspension was diluted in buffered saline to contain 4 X 108 particles per ml. Volumes of 1 ml of virus were then inoculated into each allantoic cavity of 7-day embryos. Allantoic fluid was withdrawn at various intervals (0.2-mI amounts per interval) and particle counts made. This large number of virus particles to be injected was selected in order that accurate counts could be made at each interval, but the excess virus present in the fluid at all times allowed no opportunity to study the disappearance or rate of adsorption of virus. The rates of release of virus into the allantoic cavity in four different eggs are shown in figure 1. Although this virus in allantoic fluid has a half-life of about 8 hr at 37 C as measured by infectivity tests, little change in the number of virus particles per egg was evident until 48 hr after infection, then two distinct periods of particle increase were observed in the 117-hr observation period. The first continued for 36 to 48 hr with about a 10-fold increase in virus per ml. Assuming that the total volume of allantoic fluid in 10-day embryos is 5 ml, this is about a 40-fold virus increase over inoculum. A second increase began at 96 hr and continued for 12 to 24 hr, reaching an average concentration of 7 X 109 particles per ml. Assuming that 12-day embryos contain 8 ml allantoic fluid each, this represents a 140-fold increase over the original inoculum. However, it is probable that most of the virus injected was not adsorbed and did not infect cells, as shown by the high residual virus content of the allantoic fluids removed during the first 48 hr and these results offer no evidence as to the yield of virus per particle injected. The decrease in virus particles per ml seen in some eggs during this period may be accounted for by dilution due to increasing amount of allantoic fluid with age.
When this experiment was repeated in six eggs using an inoculum of 2 X 109 particles, essentially identical results were obtained, with the first peak in number of particles per egg being reached at 78 to 84 hr, followed by a lag phase of 12 hr without apparent increase, followed by a second period of rapid increase.
In all of the eggs examined, this lag phase was observed following the first growth increase, possibly representing a second period of virus adsorption or a rapid dilution of virus due to an increase in allantoic fluid.
In the next experiment, a comparison was made of the rates of release of virus into the allantoic fluid of eggs inoculated with different amounts of virus. Seven-day embryos were inoculated via the allantoic cavity with 1 ml each of freshly harvested virus diluted in buffered saline to contain 106, 107, 108, and 109 particles per ml, four eggs being-inoeulated-with eaeh dilution. After 96-hr, equivalent to one complete cycle of virus release, fluids were removed from each egg, particle counts made, and the average Eggs receiving small inocula in this experiment died much later than did those receiving more virus, so an experiment was performed to determine the effect of the size of the inoculum and the size of the embryo at death upon the total amount of virus produced. For this, a particle count was made on a freshly harvested yolk sac virus suspension and appropriate dilutions prepared in broth. Groups of 8-and 11-day-old embryos were inoculated with 10-7 10577, or 107-7 particles per egg, with six eggs in each group. Eggs were candled at 12-hr intervals and the time of 50 per cent deaths calculated for each group. Yolk sacs were harvested from dead embryos and particle counts made as before. The average increase per 48-hr period was calculated for each group for comparison and In the growth cycle experiment it was obvious that most of the particles were never adsorbed when large inocula were used, but the 96-hr period did represent one entire growth cycle. In each experiment the use of decreasing inocula led to increasing yield of virus per particle injected, indicating either that interference occurred with the large inocula or that the proportion of particles which was able to adsorb and grow increased with smaller inocula.
In the yolk sac experiments harvests were made following the death of the embryo rather than after an arbitrary period, but very similar results were apparent. When large numbers of particles were injected the embryos died younger and both the number of particles harvested per number injected and the rate of production were markedly less than when few particles were injected. Thus the injection of 107 3 particles killed the embryo in 2 to 3 days with the production of about 80 particles per particle injected, whereas embryos of the same age inoculated with 102.3 particles survived 5 days with more than 2,500 particles produced per particle injected. WNhen eggs of different ages were infected with the same inocula, it became apparent that older embryos were apparently more tolerant to the virus, because the particle count increased as the age of the embryo increased. The rate of virus production per 48-hr period, however, was almost identical for eggs of different ages given the same inoculum. A very practical result of these experiments is the great increase in the harvest of virus per yolk sac when 11-day embryos are inoculated into the yolk sac with an amount of virus calculated to kill the embryo after 6 days. Harvests of 1 to 3 X 1011 particles per embryo are now made routinely, which is 10 to 20 times more particles than can be obtained by inoculating 6-to 7-day embryos with sufficient virus to kill in 3 to 4 days.
SUMMARY
The rate of growth of meningopneumonitis virus in the chick embryo has been studied with particle count methods.
In the allantoic cavity, virus release from infected cells begins about 48 hr after infection and the first cycle of increase continues for an additional 48 hr. The total yield of virus from eggs receiving small inocula (106 particles) was less than that of eggs receiving large inocula (109 particles) but the yield of virus per particle injected was much greater in eggs receiving small inocula.
In the yolk sac, older embryos were found to tolerate greater amounts of virus before death, and harvests of 3 X 10ll particles per yolk sac were obtained when 11-day embryos were infected with sufficient virus to cause death after 5 to 6 days.
